This study was conducted to guide the prioritisation of efforts to manage Cryptosporidum 
INTRODUCTION
Watershed approaches have apparently concluded that agriculture is the primary environmental source of Cryptosporidium oocysts found in drinking water supplies since they tend to focus on the removal of the threat from agricultural sources such as cattle grazing on land in the catchment of a drinking water source (e.g. U.S. E.P. A. 1994) ; however the validity of this assumption needs to be tested.
Cryptosporidium is a coccidian pathogen that inhabits the epithelial cells lining the digestive tract and respiratory organs of humans and other vertebrates. It has been implicated as a causative agent of gastro-intestinal tract (GIT) manifestations in both humans and animals. Cryptosporidiosis, the disease caused by Cryptosporidium, is a self-limiting disease in immuno-competent persons, causing fever, abdominal cramps (MacKenzie et al. 1994) , and copious, watery, often debilitating diarrhoea that lasts for 1 or 2 weeks (Baxby et al. 1985) . In many of the immuno-transmitted via the faecal-oral route through ingestion of contaminated food (CDC 1996 (CDC , 1997 Laberge et al. 1996) or water (Bell et al. 1993; CDC 1994; MacKenzie et al. 1995; Kramer et al. 1996) , or by contact with affected persons (Cordell & Addis 1994 ) and environmental surfaces (e.g. swimming pools (Puech et al. 2001 
)).
Cryptosporidium is endemic worldwide and can be found in surface water environments, such as rivers and lakes, and groundwater in "pristine", agricultural and urban settings. The average percent of water samples found positive for Cryptosporidium in seven surveys conducted on surface waters in the United States ranged from 0.9% to 100% . A study of ground water showed a 12% positive rate for Cryptosporidium and/or Giardia spp. (Hancock et al. 1997) .
There are many possible sources of the Cryptosporidium oocysts found in environmental samples since Cryptosporidium has numerous animal reservoirs. It has been found in over 155 mammalian species (Fayer 2004) as well as birds, reptiles and fish. Cryptosporidium parvum is the most widespread of the 15 species in the genus, infecting over 150 species of mammals (Fayer et al. 2000) . In a number of independent studies, Cryptosporidium has been confirmed in a number of agricultural animals such as cattle in the US (Garber et al. 1994) , Canada (Mann et al. 1986 ) and the UK (Reynolds et al. 1986) ; pigs, sheep (Xiao et al. 1993) ; goats (Mason et al. 1981; Johnson et al. 1999; Delafosse et al. 2003) and poultry (Current et al. 1986) . Oocyst shedding from farm animals has been estimated to last from 3 to 12 days with faecal concentrations that may exceed 10 10 oocysts per gram of manure (Casemore et al. 1997) . Oocysts are also shed in wastes from other species of livestock, as well as poultry, companion animals and wildlife. It occurs in wildlife species (Sundberg et al. 1982; Heuschele et al. 1986; Klesius et al. 1986; Snyder 1988; Fayer et al. 1990; Ungar 1990; Atwill et al. 1997) . It is estimated that mice can contribute as many as 3x10 6 oocysts/L to surface runoff (Mager et al. 1998) . There is evidence that even dead animals can continue to contribute oocysts to the environment (Duke et al. 1996) .
Humans also contribute oocysts to the environment.
Infected persons shed up to 10 5 to 10 7 oocysts/g of faeces (Goodgame et al. 1993 ) both during infection (Tzipori et al. 1983; Hunt et al. 1984; Hart et al. 1984 ) and up to 3 weeks (Baxby et al. 1985) to 2 months, in some cases (Jokipii & Jokipii 1986) , after the cessation of diarrhoea. Asymptomatic shedding in apparently healthy humans has been reported by Current et al. (1983) . Sewer overflows during heavy rains and flooding can also contribute high levels of Cryptosporidium oocysts to the environment. In the United States, sewage overflows have been cited as one of the major causes of pathogen contamination (Weis 1997) . Both sewage overflows and "treated" sewage can contain high levels of Cryptosporidium (States et al. 1997) .
There is therefore a risk that drinking water contamination may occur when oocysts from these various sources get into water systems that feed into surface and sub-surface drinking water stores. Contamination of drinking water sources is a major concern because of the potential to cause large outbreaks such as occurred in Milwaukee in 1993 in which over 400,000 persons became ill and 100 died (Kramer et al. 1996) . Morgan et al. (2000) , in a study of 22
Cryptosporidium isolates from HIV-infected patients, found 64% of the patients were infected with C. parvum human and cattle genotype, 27% with C. felis (found in cats), and 9% with C. meleagridis (birds are the usual hosts). There has been one reported case of C. baileyi (usually associated with cats) in an AIDS patient, but epidemiological data on mode of transmission is weak ( Juranek 1999) .
The pathogen in the environment is resistant, thus representing a health risk. It is able to survive and remain infective after over one month in manure ( Jenkins et al. 1997 ) and river water (Robertson et al. 1992) . Conventional water treatment processes are not effective in removing the risk of infection (MacKenzie et al. 1994) . As few as 9 oocysts can cause infection in healthy experimental human subjects (Okhuysen et al. 1999) . The infectious dose is expected to be fewer in immuno-compromised patients. in river water below a cattle ranch (Ong et al. 1996) .
Another study found no difference between rivers in protected watersheds and those influenced by agriculture 
Research has shown that Cryptosporidium occurs in
Trinidad. Oocysts were collected from pigeons (Kaminjolo et al. 1988 ) and livestock (Kaminjolo et al. 1993) , and cases of cryptosporidiosis were found among children and HIVinfected adults (Tikasingh et al. 1986; Rawlins & Baboolal 1996) . Subsequent to this, a survey conducted by Rawlins et al. (2000) found that Cryptosporidium oocysts were present in raw (source) and treated drinking water (24% and 17% of samples examined respectively) at public drinking water treatment plants (WTPs) in Trinidad and Tobago.
Site selection and description of study areas
Initially 17 sampling sites were assigned in three watersheds selected from among those that had yielded Cryptosporidium oocysts in the survey by Rawlins et al. (2000) . Two of these sites were relocated during the study yielding a total Hollis Watershed (7 Sampling Points)
The Hollis watershed can be considered 'pristine' since human activities in its catchment are severely restricted. 
Laboratory analyses
Oocysts were concentrated by flocculation according to Vesey et al. (1993) . The concentrated, precipitated, fine solids were mounted as a thin smear on slides, fixed in methanol and stained using a modified Ziehl-Neilson acid fast stain. Each slide was examined for 30 minutes under oil at £ 1000 magnification. Oocysts appeared as densely stained, thick-walled, red spheres ranging in size from 3 to 7 mm, which contained four sporozoites, dark granules and a central vacuole. All suspected positive identifications were read by a second reader and identifications were considered negative when there was disagreement. There was high inter-reader agreement.
Data analyses
Descriptive and inferential statistics, the latter mainly Chisquared tests of association between location and categories of oocytes, were performed using SPSS (Version 13) for Windows. Minitab (Version 13) for Windows was used to perform logistic regressions.
RESULTS
A total of 243 raw water samples were analysed for Cryptosporidium oocysts. 15% of these produced no definite result for the presence/absence of Cryptosporidium oocysts (Table 1) .
There was an association between the location of sites in the (Table 1) , there was no association between sites and the presence of
DISCUSSION
The results of the present study indicate that the two most important sources of Cryptosporidium contamination in the Northern Range, Trinidad, were urban and wildlife.
There was no association between agricultural sources and the presence of oocysts; agricultural contributions of Cryptosporidium oocysts appeared to be minor. There was also no significant difference between the percentage of positive samples at sites below agricultural facilities and sites not associated with agriculture within a single watershed. This is surprising since Kaminjolo et al. (1993) found
Cryptosporidium oocysts in calves, kids, lambs and piglets in Trinidad. A possible explanation is that there are geographic differences within the island in the prevalence of the disease. Although cattle are known to be a major source of oocysts in some watersheds (States et al. 1997; Starkey et al. 2005) , this may not always be the case. shown to occur in Trinidadians (Tikasingh et al. 1986; Rawlins & Baboolal 1996) , and Kaminjolo et al. (1988) reported
Cryptosporidium in local pigeons collected near the study area. Although its occurrence in these animals has not been investigated locally, in other countries Cryptosporidium oocysts have been isolated from dogs (Fayer et al. 2001; Lefebvre et al. 2005 ) and cats (Sargent et al. 1998) , the most common companion animals found in residential areas of Trinidad.
The public health risk associated with the high prevalence of Cryptosporidium oocysts from STPs in a stream feeding an urban drinking water supply can be significant. The largest recorded outbreak of cryptosporidiosis, affecting some 403,000 persons (MacKenzie et al. 1994 ) and resulting in the death of 100 residents (Kramer et al. 1996) , was traced by DNA analysis to Cryptosporidium parvum (Peng et al. 1997 ) (now recognised as a separate species C. hominis (Morgan-Ryan et al. 2002) ) implying contamination of the drinking water supply by human faeces (Fayer 2004) . 3. The contribution of wildlife is significant. Control of contamination of water sources by this route is an impossible task; thus, management of this risk to human health from wildlife must be undertaken at the water treatment plant and the resource/user interface.
